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Open access under CC BY-NC-ND license.1. Introduction
Oxiranes possess various multipronged activities, such as anti-
microbial (Bogyo et al., 2000; Anjum et al., 2004; Yongbo et al.,
2001), anti-cancer and anti-tumour activities (Misra et al.,
2008). Bio-chemists and chemists have studied few natural oxir-
anes (Bogyo et al., 2000; Anjum et al., 2004; Yongbo et al.,
2001). Many synthetic aryl oxiranes have been reported with
their synthetic methods (Poter and Skidmore, 2000; Lu et al.,
2008) in literature. Many reagents and catalysts have been used
for synthesising oxiranes from chalcones and alkenes(Benjamin and Burgees, 2003). Alkaline hydroxides-hydrogen
peroxides (Yang and Finnegan, 1958), alkaline carbonates-
hydrogen peroxides (Payne, 1958), potassium hypochlorite at
40 C (Corey and Zhang, 1999), Mn(III) complexes (Song
et al., 2005; Tayebee, 2006), chromium salts (Sung and
Ananthakrishna Nadar, 1999), metal hydroxides, oxides-
hydrogen peroxide have been applied for epoxidation
reactions (Guillemin et al., 2003; Shu and Shi, 2004; Ye
et al., 2003; Reddy et al; 2005) in the past decade. Numerous
investigations have been carried out on the catalytic asymmet-
ric epoxidation of a,b-unsaturated ketones (Thirunarayanan
and Vanangamudi, 2010; Degen et al., 2002; Murphy et al.,
2003). Catalytic asymmetric epoxidation has been given a
unique place (Yao and Zhang, 2003) in the synthesis of organic
substrates, featuring many advantages including operational
simplicity, non-metal catalysts and highly environmental
consciousness. During the last decade, greener methods have
been employed for epoxidation (Santos et al., 2004). Phase
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epoxidation reactions for obtaining the effective yields up to
96%. The effects of substituent on the group frequencies
through ultraviolet-visible, infrared, nuclear magnetic both
proton and carbon-13 spectra of ketones (Brown and
Okamoto, 1957), unsaturated ketones (Thirunarayanan et al.,
2007; Thirunarayanan, 2007a,b; Thirunarayanan and
Ananthakrishna Nadar, 2006a,b; Vanangamudi and
Thirunarayanan, 2006; Thirunarayanan, 2005;
Thirunarayanan and Jaishankar, 2003; Thirunarayanan,
2003a,b), acid chlorides (Flett, 1948) acyl bromides, and their
esters (Thirunarayanan and Vanangamudi, 2011) have been
studied. Mako and his team synthesised some epoxy ketones
including trans-()-2,3-epoxy-1-(naphth-1-yl)-3-phenylpro-
pan-1-one by the corresponding chalcones with a-d-glucose-
and a-d-mannose-based crown ethers (Mako et al., 2010).
However, literature survey shows that the study of effects of
substituent on the group frequencies of oxiranes is almost
absent. Therefore the author have attempted to study the spec-
tral linearity of the group frequencies by Hammett equation
with the help of linear regression analysis for oxiranes. The
epoxy ring, polar nature of carbonyl group and the substituents
in phenyl rings have been found to be responsible for the medic-
inal activities of the oxirane compounds. Some natural epox-
ides have shown the biological activities (Anjum et al., 2004)
and they have been used for synthesising aziridines. Ab-intio-
computational studies of biological activities of some epoxides
provide the information about electronic and steric effects
(Peter and Laurence, 1984) on the CO and CH bonds. Gener-
ally epoxides possess many biological activities such as vasoac-
tivity (Carroll et al., 1987), EETs (Inceoglua et al., 2007),
mutagenicity (Wu et al., 1993), K-region cure property (Sims
et al., 1973), regulators of blood pressure, hypertension, pain,
inﬂammation (Morisseau et al., 2008), anti-analgesic activity
(Inceoglua et al., 2008), cytotoxicity (Yu et al., 1998) mutagenic
and cell-transforming activities (Glatt et al., 1986), mutagenic-
ity and tumorigenicity (Kumar et al., 1989; Kumar et al., 2001).
Hence the authors have attempted to study the antimicrobial
and insect antifeedant activities of biphenyl keto-oxiranes.
2. Experimental section
2.1. Materials and methods
All chemicals used were purchased from Sigma-Aldrich and E-
Merck chemical company. Melting points of all oxiranes have
been determined in open glass capillaries on Mettler FP51
melting point apparatus and are uncorrected. Infrared spectra
(KBr, 4000–400 cm1) have been recorded on AVATAR-300
Fourier transform spectrophotometer. The nuclear magnetic
resonance spectra recorded in INSTRUM AV300 NMR spec-
trometer operating at 300 MHz has also been utilized for
recording 1H spectra and 75.46 MHz for 13C spectra in CDCl3
solvent using TMS as an internal standard. Electron impact
(EI) (70 eV) and chemical ionization mode FAB+ mass spectra
have been recorded with a VARIAN 500 spectrometer.
2.2. Synthesis of substituted 1-naphthyl chalcones
All 1-naphthyl chalcones were synthesised by the literature
procedure (Thirunarayanan and Vanangamudi, 2006).2.3. Synthesis of 1-naphthyl keto oxiranes (Thirunarayanan and
Vanangamudi, 2010)
Appropriate mixture of substituted styryl 1-naphthyl ketones
(0.10 mmol) and a chiral quaternary ammonium bromide-
PF6 catalyst (6 mg, 0.003 mmol, 3 mol%) in toluene (3 mL)
were added to 15% aqueous sodium hypochlorite (NaOCl,
0.15 mL) and the mixture was stirred for 14 h (minimum
10 h) at 0 C under nitrogen atmosphere Scheme 1. The result-
ing mixture was diluted with water and the organic phase was
separated. Using dichloromethane, the aqueous medium was
extracted and the same was repeated thrice. Then the resulting
organic extract was dried using anhydrous sodium sulphate.
After evaporating the solvent, the resulting product was puri-
ﬁed using ﬂash column chromatography on silica gel (ethylace-
tate/hexane) as eluent to afford the epoxide. An optical purity
of the epoxy ketone was determined by chiral stationary phase
HPLC analysis. The infrared and nuclear magnetic resonance
spectral data are presented in Table 1.
2.4. The yields, optical purity and mass-spectrometry of the
products
2.4.1. 1-Naphthyl(3-phenyloxirane-2-yl)methanone
Yield 96%; ee (aS,bR) 97%; MS (m/z): 274(M+), 199, 197,
155, 127, 119, 77, 71, 43.
2.4.2. 1-Naphthyl[3-(3-aminophenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 90%; MS (m/z): 289(M+), 214, 162,
155, 134, 127, 119, 91, 77, 71, 43.
2.4.3. 1-Naphthyl[3-(4-aminophenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 88%; MS (m/z): 289(M+), 214, 162,
155, 134, 127, 119, 92, 91, 77, 43, 16.
2.4.4. 1-Naphthyl[3-(3-bromophenyl)oxirane-2-yl]methanone
Yield 96%; ee (aS,bR) 90%; MS (m/z): 353(M+), 355(M2+),
214, 197, 162, 155, 154, 134, 127, 123, 119, 92, 91, 78, 77, 43, 16.
2.4.5. 1-Naphthyl[3-(3-chlorophenyl)oxirane-2-yl]methanone
Yield 97%; ee (aS,bR) 94%; MS (m/z): 308(M+), 310(M2+),
273, 197, 162, 155, 154, 134, 127, 123, 119, 92, 91, 78, 77, 35.
2.4.6. 1-Naphthyl[3-(4-chlorophenyl)oxirane-2-yl]methanone
Yield 97%; ee (aS,bR) 96%; MS (m/z): 308(M+), 3310(M2+),
273, 197, 181, 155, 153, 127, 123, 119, 77, 35.
2.4.7. 1-Naphthyl[3-(4-dimethylaminophenyl)oxirane-2-
yl]methanone
Yield 96%; ee (aS,bR) MS (m/z): 317(M+), 302, 287, 273, 197,
162, 155, 147, 120, 123, 77, 44, 30, 14.
2.4.8. 1-Naphthyl[3-(4-hydroxyphenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 92%; MS (m/z): 290(M+), 273, 197,
162, 155, 135, 127, 123, 119, 93, 91, 77, 17.
2.4.9. 1-Naphthyl[3-(4-methoxyphenyl)oxirane-2-
yl]methanone
Yield 95%; ee (aS,bR) 92%; MS (m/z): 304(M+), 288, 273,
229, 197, 177, 162, 155, 149, 135, 127, 91, 79, 31, 15.
QAB-PF6 =
3 mol % QAB-PF6
13% NaOCl
Toluene, 0°C
1-13
OO
X O X
R, R1, R2 =  3,5 Ph2-C6H3
No 1 2 3 4 5 6 7 8 9 10 11 12 13 
X H 3-NH2 4-NH2 3-Br 3-Cl 4-Cl 4-N(CH3)2 4-OH 4-OCH3 4-CH3 2-NO2 3-NO2 4-NO2
N
R2 R1
OH
OH
R2
R1
R
R
+
Br-
PF6
Scheme 1 Synthesis of (aS,bR) (1-naphthyl-4-y1[3-(substituted phenyl)oxiran-3-yl]methanones).
Table 1 IR and NMR spectral data of 1-naphth-4-yl[3-(substituted phenyl)oxiran-2-yl]methanones.
Entry X CO C–O–C Ha Hb CO Ca Cb
1 H 1660 1248 3.88 4.49 208.70 75.54 62.35
2 3-NH2 1658 1232 4.53 4.29 198.01 68.92 61.54
3 4-NH2 1633 1253 4.87 4.07 197.53 68.95 62.01
4 3-Br 1633 1253 4.81 4.23 202.00 64.31 66.01
5 3-Cl 1667 1241 4.42 4.35 201.00 73.92 66.50
6 4-Cl 1673 1236 4.47 4.37 198.73 68.25 62.39
7 4-N(CH3)2 1645 1255 4.32 4.06 208.00 72.24 69.54
8 4-OH 1664 1238 4.49 4.65 192.50 73.92 65.30
9 4-OCH3 1638 1240 4.41 4.05 188.50 69.92 62.93
10 4-CH3 1658 1242 4.73 4.59 194.50 68.95 62.95
11 2-NO2 1668 1248 4.57 4.43 197.50 68.32 55.40
12 3-NO2 1676 1246 4.63 4.52 199.00 69.92 61.50
13 4-NO2 1673 1244 4.48 4.39 201.00 73.89 65.38
856 G. Thirunarayanan2.4.10. 1-Naphthyl[3-(4-methylphenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 90%; MS (m/z): 288(M+), 273, 213,
197, 161, 155, 127, 97, 77, 17.
2.4.11. 1-Naphthyl[3-(2-nitrolphenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 92%; MS (m/z): 319(M+), 273, 197,
164, 155, 127, 123, 77, 43.
2.4.12. 1-Naphthyl[3-(3-nitrolphenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 92%; MS (m/z): 319(M+), 273, 244,
197, 164, 155, 129, 127, 123, 77, 43, 29.
2.4.13. 1-Naphthyl[3-(4-nitrolphenyl)oxirane-2-yl]methanone
Yield 95%; ee (aS,bR) 90%; MS (m/z): 319(M+), 273, 244,
197, 164, 155, 129, 127, 123, 122, 77, 72, 53, 45, 43, 29.3. Results and discussion
3.1. IR spectral study
The synthesised oxiranes in the present study are shown in
Scheme 1. The infrared mCO and mC–O–C stretching frequencies
(cm1) of these oxiranes were recorded and are presented in
Table 1. These data have been correlated with Hammett substi-
tuent constants and Swain–Lupton (Swain and Lupton, 1968)
constants. In this correlation the structure parameter Hammett
equation employed is as shown in the following equation
v ¼ qrþ v0 ð1Þ
where mo is the frequency for the parent member of the series.
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From the table it is evident that all constants produce satisfac-
tory correlation with carbonyl stretching frequencies except for
3-Br, 4-NH2, 4-OCH3. When this is included in the regression,
they reduced the correlation considerably. All correlations
gave positive q values. This shows that a normal substituent
effect operates in all keto epoxides. The F parameter is satis-
factorily correlated with carbonyl frequencies of all epoxides
without deviation with respect to any substituent. Similarly
the multi-regression analysis of these carbonyl frequencies with
Swain–Lupton (Swain and Lupton, 1968) parameters is found
to correlate satisfactorily and the correlation equations are,
vCOðcm1Þ ¼ 1648:70ð8:396Þþ 26:692ð9:550ÞrI
þ 11:129ð0:115ÞrR ðR¼ 0:949;n¼ 13;P> 90%Þ
ð2Þ
vCOðcm1Þ ¼ 1659:28ð7:118Þ þ 11:478ð1:754ÞF
þ 18:645ð8:701ÞR ðR¼ 0:962;n¼ 13;P> 95%Þ
ð3Þ
The assigned C–O–C stretching frequencies (cm–1) have been
correlated with Hammett substituent constants, F and R
parameters using single regression analysis. The results of statis-
tical analysis are presented in Table 2. TheHammett Sigma con-
stants and F and R parameters were fails, in correlation with
these frequencies. All correlation gave negative q values evi-
dencing the reversal substituent effects operating in all oxiranes.Table 2 Results of statistical analysis of infrared frequencies of mCO
2- yl]methanones with Hammett substituent constants r, r+, rI, and
Functionality Constants r q I
mCO (cm
1) r 0.950 16.686 1655.07
r+ 0.946 9.745 1658.01
rI 0.948 27.620 1648.29
rR 0.931 13.093 1658.63
F 0.933 22.600 1650.98
R 0.960 20.330 1662.99
mCOC (cm
1) r 0.802 0.302 1244.261
r+ 0.804 0.411 1244.28
rI 0.802 0.641 1244.51
rR 0.804 0.899 1244.22
F 0.802 0.734 1244.10
R 0.811 7.714 1247.01
r= correlation coefﬁcient; q= slope; I= intercept; s= standard deviatThis is due to resonance and polar effects of the substituents,
incapable for predicting the reactivity on the C–O–C frequency
along with the conjugative structure in Fig. 1. The single
parameter correlations failed in the single regression analysis.
While seeking the multi-regression analysis with Swain–Lupton
(Swain and Lupton, 1968) parameters, correlation is found
to be satisfactory. The multi-parameter equations are as,
vCOCðcm1Þ ¼ 1244:16ð4:413Þþ 0:155ð0:102ÞrI
 0:969ð0:073ÞrR ðR¼ 0:904;n¼ 13;P> 90%Þ
ð4Þ
vCOCðcm1Þ ¼ 1244:09ð4:180Þ þ 0:743ð0:103ÞF
 0:104ð0:065ÞR ðR ¼ 0:902;n ¼ 13;P > 90%Þ
ð5Þ3.2. 1H NMR spectral study
The 1H NMR spectra of thirteen oxiranes under investigation
have been recorded in deuteriochloroform solution employing
tetramethylsilane (TMS) as an internal standard. The signals
of the oxirane ring protons have been assigned. They were cal-
culated as AB or AA0 or BB0 systems respectively. The chem-
ical shifts of Ha are at lower ﬁeld than those of Hb in this
series of keto-epoxides due to higher deshielding of Ha and
is nearer to the carbonyl group. These protons gave an AB pat-
tern and the b-proton doublet in most cases was well separatedand mC–O–C (cm
1) of 1-naphth-4-yl[3-(substituted phenyl)oxiran-
rR.
s n Correlated derivatives
13.76 11 H, 3-NH2, 3-Cl, 4-Cl, 4-N(CH3)2, 4-OCH3,
4-OH, 4-CH3, 2-NO2, 3-NO2, 4-NO2
14.11 11 H, 3-NH2, 3-Cl, 4-Cl, 4-N(CH3)2, 4-OCH3,
4-OH, 4-CH3, 2-NO2, 3-NO2, 4-NO2
13.93 10 H, 3-NH2, 3-Cl, 4-Cl, 4-N(CH3)2, 4-OH,
4-CH3, 2-NO2, 3-NO2, 4-NO2
15.16 10 H, 3-NH2, 3-Cl, 4-Cl, 4-N(CH3)2, 4-OH,
4-CH3, 2-NO2, 3-NO2, 4-NO2
15.06 10 H, 3-NH2, 3-Cl, 4-Cl, 4-N(CH3)2, 4-OH,
4-CH3, 2-NO2, 3-NO2, 4-NO2
12.73 12 H, 3-NH2, 4-NH2, 3-Cl, 4-Cl, 4-N(CH3)2,
4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2
7.32 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
7.32 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
7.32 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
7.32 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
7.32 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
7.21 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
ion; n= number of substituents.
OO
CH3
O
Figure 1 Resonance conjugative structure.
858 G. Thirunarayananfrom the signals of the aromatic protons. The assigned chem-
ical shifts of the ring protons are presented in Table 1.
In nuclear magnetic resonance spectra, the proton or the
13C chemical shifts (d) depend on the electronic environment
of the nuclei concerned. These shifts have been correlated with
reactivity parameters. Thus the Hammett equation may be
used in the form as
logd ¼ logd0 þ qr ð6Þ
where d0 is the chemical shift in the corresponding parent
compound.
The assigned Ha and Hb proton chemical shifts (ppm) of the
oxirane ring have been correlated with various Hammett sigma
constants. The results of statistical analysis are presented in
Table 3. All the attempted correlations involving substituent
parameters gave only positive q values. This shows that the nor-
mal substituent effect operates in all epoxides. The Ha proton
chemical shifts satisfactorily correlated with Hammett r and
r+ substituent constants. The Resonance and Inductive effects
of the substituents fail in correlation with these frequencies.
This is due to the reason stated earlier with the conjugative
structure in Fig. 1. The Hb proton chemical shifts (ppm) with
Hammett r, r+ and rI constants correlated satisfactorily
excluding some substituents such as H, 4-CH3 and 4-OH.When
these substituents are including in the regression, the correla-
tion was reduced considerably. The Hammett rR constants, F
parameters are satisfactorily correlated with Hb proton chemi-
cal shifts (ppm) of oxiranes and the R parameters satisfactorily
correlated excluding 4-OH and 4-NO2 substituents.
From Table 3 the r values show that the reactivity of the
substituents on Ha is lesser than that of Hb in all epoxy
ketones. This is in contrast to the ﬁndings of Solcaniova and
co-workers (Solcaniova et al., 1980) in the case of unsaturated
ketones. In fact the extent of transmission of electrical effect is
absent from the substituents to Hb and less sensitive to Ha in
the present investigation. It has been the observation of Solca-
niova and his co-workers (Solcaniova et al., 1976) that the
chemical shifts of the b-protons do not correlate with any type
of substituent parameters in their chalcones series. The appli-
cation of Swain–Lupton (Swain and Lupton, 1968) treatment
to the relative chemical shifts of Ha and Hb with F and R val-
ues is successful with either resonance, inductive or F and R
parameter generating the multi regression equations as,
dHaðppmÞ ¼ 4:335ð0:412Þ þ 0:439ð0:033ÞrI
 0:295ð0:024ÞrR ðR ¼ 0:940;n ¼ 13;P > 90%Þ
ð7ÞdHaðppmÞ ¼ 4:39ð0:414Þ þ 0:328ð0:038ÞF
 0:091ð0:017ÞR ðR ¼ 0:929; n ¼ 13;P > 90%Þ
ð8Þ
dHbðppmÞ ¼ 4:321ð0:123Þ þ 0:082ð0:020ÞrI
þ 0:035ð0:0212ÞrR ðR¼ 0:973;n¼ 13;P> 95%Þ
ð9Þ
dHbðppmÞ ¼ 4:398ð0:104Þ þ 0:014ð0:002ÞF
þ 0:205ð0:100ÞR ðR ¼ 0:947; n ¼ 13;P > 90%Þ
ð10Þ3.3. 13C NMR spectra
Organic, physical organic chemists and researchers
(Annapoorna et al., 2002; Dhami and Stothers, 1963a,b;
Thirunarayanan et al., 2007, 2009; Arulkumaran et al., 2010;
Thirunarayanan, 2008a) have made extensive study of 13C
NMR spectra for a large number of different ketones and sty-
renes. They found a linear correlation of the chemical shifts of
Ca and Cb carbons with Hammett r constants in alkenes,
alkynes, acid chlorides and styrenes. In the present system
the chemical shifts (ppm) of the carbonyl carbon and the oxi-
rane ring carbons Ca, Cb have been assigned and are presented
in Table 1. Attempts have been made to correlate dCO, dCa and
dCb chemical shifts (ppm) with Hammett substituent constants,
ﬁeld and resonance parameters with the help of single and
multi-regression analyses to study the reactivity through the
effect of substituents on the above frequencies.
The chemical shifts (ppm) observed for dCO, dCa and dCb
have been correlated with Hammett constants and the results
of statistical analysis are presented in Table 4. All correlations
of dCO chemical shifts (ppm) with Hammett sigma constants
and R parameters are satisfactorily correlated with positive q
values. The inductive and resonance effect of the substituents
fails in correlation and gave negative q values. This shows that
the degrees of transmittance of effects of substituents are
reversed. Also the multiple correlations involving either rI
and rR constants or Swain–Lupton (Swain and Lupton,
1968) F and R parameters produce satisfactory correlation as
shown in the equations,
d
C@OðppmÞ ¼ 196:29ð3:435Þþ 1:716ð0:080ÞrI
 3:281ð0:059ÞrR ðR¼ 0:918;n¼ 13;P> 90%Þ
ð11Þ
d
C@OðppmÞ ¼ 201:40ð3:106Þ 5:915ð0:785ÞF
þ 2:628ð0:399ÞR ðR¼ 0:927;n¼ 13;P> 90%Þ
ð12Þ
The 13C chemical shift (ppm) values of oxirane ring carbons Ca
and Cb of all keto-epoxides have been correlated with various
Hammett substituent constants. The results of statistical anal-
ysis of substituent effects on carbonyl carbons are shown in
Table 4. Poor correlations are obtained with Ca carbon chem-
ical shifts and produce negative q values with Hammett substi-
tuent rI, r
+ constants and F and R parameters. This is due to
the inability of prediction of the reactivity on the Ca carbon by
the substituents through three or more carbon lengths along
Table 3 Results of statistical analysis of 1H NMR of dHa and dHb (ppm) of 1-naphth-4-yl[3-(substituted phenyl)oxiran-2-
yl]methanone with Hammett substituent constants r, r+, rI, and rR.
Functionality Constants r q I s n Correlated derivatives
dHa (ppm) r 0.922 0.122 4.49 0.25 10 3-NH2, 3-Cl, 4-Cl, 4-N(CH3)2,4-OH,
4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2
r+ 0.921 0.073 4.51 0.25 11 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl, 4-N(CH3)2, 4-
OCH3, 4-CH3, 2-NO2, 3-NO2
rI 0.821 0.196 4.44 0.25 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
rR 0.821 0.098 4.49 0.25 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
F 0.824 0.274 4.43 0.25 12 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
R 0.807 0.258 4.49 0.25 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl, 4-N(CH3)2, 4-OH,
4-OCH3, 4-CH3, 2-NO2, 3-NO2, 4-NO2
dHb (ppm) r 0.928 0.143 4.32 0.19 10 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl, 4-N(CH3)2,
4-OCH3, 2-NO2, 3-NO2, 4-NO2
r+ 0.933 0.091 4.35 0.19 10 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl, 4-N(CH3)2,
4-CH3, 2-NO2, 3-NO2, 4-NO2
rI 0.915 0.111 4.30 0.20 10 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl, 4-N(CH3)2,
4-CH3, 2-NO2, 3-NO2, 4-NO2
rR 0.913 0.072 4.35 0.20 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3,
2-NO2, 3-NO2, 4-NO2
F 0.915 0.137 4.30 0.20 13 H, 3-NH2, 4-NH2, 3-Br, 4-Cl,
4-OH, 4-OCH3, 4-CH3, 2-NO2, 3-NO2,
4-NO2
R 0.947 0.207 4.40 0.18 11 H, 3-NH2, 4-NH2, 3-Br, 4-Cl, 4-OH, 4-OCH3, 4-CH3,
2-NO2, 3-NO2, 4-NO2
r= correlation coefﬁcient; q= slope; I= intercept; s= standard deviation; n= number of substituents.
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produced positive q values. This implies that the normal substi-
tuent effect operates in all oxiranes. The Swain–Lupton (Swain
and Lupton, 1968) parameter also correlates satisfactorily
within these carbon chemical shifts. The individual correlations
of Cb carbon chemical shifts with Hammett constants produce
poor correlation. This is due to the reason stated earlier with
the conjugative structure shown in Fig. 1. The degree of trans-
mission of substituent effect is found to be high in Ca chemical
shifts than Cb carbon chemical shifts. Uniformly rI and rR
parameters or F and R values explain substituent effects in all
cases as evidenced from the correlation equations as
dCaðppmÞ ¼ 71:85ð1:922Þ  3:266ð0:447ÞrI
þ 2:444ð0:330ÞrR ðR ¼ 0:925;n ¼ 13;P > 90%Þ
ð13Þ
dCaðppmÞ ¼ 72:54ð1:728Þ  5:514ð0:426ÞF
þ 1:589ð0:111ÞR ðR ¼ 0:939; n ¼ 13;P > 90%Þ
ð14Þ
dCbðppmÞ ¼ 65:66ð9:871Þ  18:644ð2:298ÞrI
þ 8:071ð1:677ÞrR ðR ¼ 0:924;n ¼ 13;P > 90%Þ
ð15Þ
dCbðppmÞ ¼ 64:44ð9:220Þ  20:701ð2:271ÞF
 0:614ð0:127ÞR ðR ¼ 0:929; n ¼ 13;P > 90%Þ
ð16Þ3.4. Microbial activities
Epoxides possess a wide range of biological activities. These
multipronged activities present in different keto epoxides are
intended to examine their above activities against respective
microbes-bacteria’s, fungi and insect antifeedant activities
against castor semilooper.
3.4.1. Antibacterial activity
The antibacterial activities of all prepared epoxides have been
evaluated against two gram positive pathogenic strains Staph-
ylococcus aureus, Enterococcus faecalis while Escherichia coli,
Klebsiella species, Pseudomonas and Proteus vulgaris were
gram negative strains. The disc diffusion technique was fol-
lowed using the Kirby–Bauer (Bauer et al., 1996) method, at
a concentration of 250 lg/mL with Ampicillin and Streptomy-
cin taken as the standard drugs. The measured antibacterial
activities of all keto epoxides are presented in Table 5. Against
Escherichia coli, four compounds 2, 3, 7 and 9 showed maxi-
mum zone of inhibition greater than 20 mm. The epoxides 2,
3, 7 and 9 were active against Staphylococcus, showing maxi-
mum zone of inhibition. The other epoxy ketones are less effec-
tive against S. aureus. The oxirane derivatives 1 and 10 are
more active against Pseudomonas at greater than 20 mm zone
of inhibition and the other derivatives inhibited the growth
of bacteria between 12–19 mm zones of inhibition. The epox-
ides 1 and 10 are effective against Klebsiella in 20–24 mm zone
of inhibition while the other ketones exhibited a moderate
activity. The keto epoxide 9 is active when they are screened
Table 4 Results of statistical analysis of 13C NMR of dCO, dCa and dCb (ppm) of 1-naphth-4-yl[3-(substituted phenyl)oxiran-2-
yl]methanones with Hammett substituent constants r, r+, rI, and rR.
Functionality Constants r q I s n Correlated derivatives
dCO (ppm) r 0.916 0.797 198.88 5.78 11 H, 3-NH2, 4-NH2, 3-Br, 4-Cl, 4-N(CH3)2,
4-OH, 4-OCH3, 2-NO2, 3-NO2, 4-NO2
r+ 0.906 0.476 199.02 5.79 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-O CH3, 2-NO2,
3-NO2, 4-NO2
rI 0.807 1.521 199.49 5.78 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-O CH3, 4-CH3,
2-NO2, 3-NO2, 4-NO2
rR 0.818 2.750 198.73 5.70 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-O CH3, 4-CH3,
2-NO2, 3-NO2, 4-NO2
F 0.817 4.383 200.23 5.70 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-O CH3, 4-CH3,
2-NO2, 3-NO2, 4-NO2
R 0.914 1.755 199.48 5.74 13 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl, 4-N(CH3)2,
4-OH, 4-OCH3, 4-CH3, 2-NO2,3-NO2, 4-NO2
dCa (ppm) r 0.818 1.239 70.14 3.23 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
r+ 0.819 -0.831 70.48 3.23 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
rI 0.810 -1.256 70.95 3.27 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
rR 0.811 0.980 70.63 3.27 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
F 0.832 4.560 70.83 3.11 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
R 0.811 0.789 70.76 3.27 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
dCb (ppm) r 0.826 9.267 60.03 16.29 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
r+ 0.830 6.626 58.323 16.11 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
rI 0.820 12.009 62.707 16.55 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
rR 0.800 0.285 68.72 16.90 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
F 0.829 21.066 64.71 16.16 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
R 0.810 3.650 57.74 16.81 13 H, 3-NH2, 4-NH2, 3-Br, 3-Cl, 4-Cl,
4-N(CH3)2, 4-OH, 4-OCH3, 4-CH3, 2-NO2,
3-NO2, 4-NO2
r= correlation coefﬁcient; q= slope; I= intercept; s= standard deviation; n= number of substituents.
860 G. Thirunarayananagainst P. vulgaris and the other compounds are less effective.
The keto-epoxides 2, 3 and 9 showed moderate activities
against E-faecalis with 20–24 mm zones of inhibition.
3.4.2. Antifungal activity
Measurement of antifungal activities of all epoxides have been
done using Candida albicans as the fungal strain and the disc
diffusion technique was followed for the antifungal activitywhile for the two other stains Penicillium species and Aspergil-
lus niger, dilution method was adopted. The drugs dilution was
50 lg/mL. Griseofulvin has been taken as the standard drug.
The observed antifungal activities of all epoxides are presented
in Table 6. The study of antifungal activities of all keto-epox-
ides against C. albicans, showed that the three compounds 3,
4 and 9 are effective with 20 mm as the zone of inhibition with
250 lg/ disc while epoxides 7 and 8 are active with 13–19 mm
Table 5 Antibacterial activity of 1-napth-4-yl[3-(substituted phenyl)oxiran-2-yl]methanones.
Entry X E-coli S. aures Pseudomonas Klebsiella P. vulgaris Enterococcus faecalis
1 H ± + ± ± ± —
2 3-NH2 ++ ++ + ++ + ++
3 4-NH2 ++ ++ + ++ + ++
4 3-Br + + + + + —
5 3-Cl + + + + + —
6 4-Cl + + + + + —
7 4-N(CH3)2 ++ ++ ++ + + +
8 4-OH + + + + + —
9 4-OCH3 ++ ++ ++ ++ ++ ++
10 4-CH3 ± + ± ± ± +
11 2-NO2 + + + + + —
12 3-NO2 + + + + + —
13 4-NO2 + + + + + ±
Disc size: 6.35 mm; duration: 24–45 h; standard: ampicillin (30–33 mm) and streptomycin (20–25 mm); control: methanol; —: no activities; ±:
active (8–12 mm); +: moderately active (13–19 mm); ++: active (20–24 mm).
Table 6 Antifungal activity of 1-naphth-4-yl[3-(substituted phenyl)oxiran-2-yl] methanones.
Entry X Disc diﬀusion technique (250 lg/mL) Drug dilution method (50 lg/mL)
Candida albicans Penicillium Aspergillus niger
1 H + — —
2 3-NH2 + + +
3 4-NH2 ++ ++ ++
4 3-Br ++ ++ ++
5 3-Cl — ± +
6 4-Cl ± — —
7 4-N(CH3)2 ± ++ ++
8 4-OH + + +
9 4-OCH3 ++ ++ +
10 4-CH3 + + —
11 2-NO2 + — —
12 3-NO2 + ± ±
13 4-NO2 + + —
Standard: griseofulvin and gentamycin; duration: 72 h; control: methanol; medium: potato dextrose agar; ++: no fungal colony; +: one fungal
colony; ±: two-three fungal colony;—: heavy fungal colony.
Table 7 Insect antifeedant activities of 1-naphth-4-yl[3-(substituted phenyl)oxiran-2-yl] methanones.
Entry X 4–6 pm 6–8 pm 8–10 pm 10–12 pm 12–6 am 6–8 am 8 am–12 Nn 12 Nn–2 pm 2–4 pm Total leaf disc
consumed in 24 h
1 H 1 1 0.5 0.5 0.5 1 1 1 1 8
2 3-NH2 0.5 0.25 0.25 0.5 0.1 0 1 1 0.5 2
3 4-NH2 0.5 0.25 0.25 0.5 0.5 0.5 1 1 0.5
4 3-Br 0.5 0.5 0.25 1 0.5 0.5 0.25 0.25 0.25 0.4
5 3-Cl 0.5 0.5 0.25 1 0.5 0.5 0.25 0.25 0.25 0.4
6 4-Cl 0.5 0.5 0.25 1 0.5 0.5 0.25 0.25 0.25 0.4
7 4-N(CH3)2 1 2 2 1 0 0 1 1 1 9
8 4-OH 1 1 1 0.5 0.5 1 2 1 1 10
9 4-OCH3 1 0.5 0.5 1 1 0 1 1 1 9
10 4-CH3 0.5 1 0.5 2 2 0.5 0.5 1 1 7
11 2-NO2 2 3 3 1 1 1 0.5 1 0 12
12 3-NO2 2 3 3 1 0 0 0.5 1 0 7
13 4-NO2 1 2 2 2 1 0.5 0.5 1 0 10
Number of leaf discs consumed by the insect (values are mean + SE of ﬁve).
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active with 8–12 mm zones of inhibition. Against Penicillium
species, compounds 3, 4, 7 and 9 are visible while the develop-
ment of fungal colony and 2–3 colonies are recorded for com-
pound 9. The inhibition of epoxides against A.niger was less
in two compounds 3, 4 and 7 being highly active followed by8. Presence of methoxy, methyl, dimethyl and bromo substitu-
ents is responsible for the antimicrobial activities of epoxides.
3.4.3. Insect antifeedant activity
The multipronged activities present in different epoxy ketones
are intended to examine their insect antifeedant activities
Table 8 Antifeedant activity of 1-naphth-4-yl[3-(4-chlorophenyl)oxiran-2-yl] methanone (6) at four different concentrations.
ppm 4–6 pm 6–8
pm
8–10
pm
10–12
pm
12 am–6
am
6–8
am
8 am–12
Nn
12 Nn–2
pm
2–4
pm
Total leaf disc
consumed in 24 h
50 0.5 0.5 0 0 0 0 0 0 0 0.1
100 0 0.25 0.25 0 0 0 0 0 0 0.05
150 0 0.5 0.25 0 0.25 0 0 0 0 0.1
Number of leaf discs consumed by the insect (values are mean + SE of ﬁve).
862 G. Thirunarayananagainst castor semilooper. The larvae’s of Achoea Janata L
were reared as described on the leaves of castor Riclmus com-
munls in the laboratory at the temperature range of 26 ± 1 C
and a relative humidity of 75–85%. The leaf–disc bioassay
method (Thirunarayanan, 2008b; Thirunarayanan et al.,
2010) was used against the 4th instar larvae to measure the
antifeedant activity. The 4th instar larvae were selected for
testing because the larvae at this stage feed very voraciously.
3.4.3.1. Measurement of insect antifeedant activity of epoxides.
Leaf discs of diameter 1.85 cm were punched from castor
leaves with the petioles intact. All epoxides were dissolved in
acetone at a concentration of 200 ppm dipped for 5 min. The
leaf discs were air-dried and placed in a one litre beaker con-
taining little water in order to facilitate translocation of water.
Therefore the leaf discs remain fresh throughout the duration
of the rest, 4th instar larvae of the test insect, which had been
preserved on the leaf discs of all chalcones and allowed to feed
on them for 24 h. The area of the leaf discs consumed was mea-
sured by Dethlers (1947) method. The observed antifeedant
activity of chalcones was presented in Table 7.
The results of the antifeedant activity of keto oxiranes pre-
sented in Table 7 reveal that the compounds 4–6 are found to
reﬂect remarkable antifeedant among all other chalcones. This
test is performed with the insects which ate only two-leaf disc
soaked under the solution of this compound. Compounds 4, 5
also showed enough antifeedant activity but lesser than 6. Fur-
ther compound 6 was subjected to measure the antifeedant
activity at different 50, 100, 150 ppm concentrations and the
observation (Thirunarayanan et al., 2010) reveals that as the
concentrations decreased, the activity also decreased. It is
observed from the results in Table 8 and that the keto epoxide
6 showed an appreciable antifeedant activity at 200 ppm
concentration.
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